Comparative studies were made on the growth and biometric relationships of the pearl oyster Pinctada fucata (Gould) Tuticorin stock at (Tuticorin (TST)p arent stock) transplanted from the Tuticorin Bay (8.71N;78.21E) in the Gulf of Mannar along the Indian southeast coast to Kollam Bay (8.81N; 76.51E) in the Arabian Sea along the Indian southwest coast (Tuticorin stock at Kollam (TSK)^transplanted stock). At the time of transplantation, Kollam Bay did not have a native stock, however, within a year, the transplanted stock spawned and oyster spats were collected from within the farm (Kollam stock (KS)^progeny stock). The growth in dorso-ventral measurement and total weight in Kollam Bay was 1.4^1.6 times and 3.1to 6.8 times respectively greater than that observed at Tuticorin. Furthermore, at Kollam Bay, the thickness observed at the end of ¢rst year was similar to that obtained at the end of second year in Tuticorin. Both the TSK and KS had signi¢-cantly higher instantaneous growth rates (IGR) than TST. All the stocks displayed signi¢cantly di¡erent biometric relationships. The increased growth in Kollam Bay is attributed to the almost double productivity in the Arabian Sea compared with the Bay of Bengal. It is concluded that in the case of P. fucata, the site and its interaction with environment are important determinants of growth and shell dimensions. The present study clearly indicates that the environmental conditions prevailing along the southeast Arabian Sea are congenial for the growth, gametogenesis, spawning and settlement of P. fucata larvae. In spite of strong monsoonal in£uences in the hydrology of Kollam Bay, the growth and reproduction of P. fucata stocks indicates its relative hardiness and ability to adapt to a changed environment.
Introduction
The pearl oyster Pinctada fucata (Gould) used for commercial pearl production in India has a wide distribution from the western Paci¢c Ocean (Korea and Southern China), Australia, Indian Ocean to Red Sea and Persian Gulf with Lessepsian migrants through Suez Canal into the Mediterranean (Gervis & Sims 1992) . The subspecies P. fucata martensii is found in Japan, and along the Indian coasts, the subspecies P. fucata vulgaris has a restricted distribution, limited to the southeast Bay of Bengal in the Gulf of Mannar and Palk Bay along the maritime state of Tamil Nadu, and in the Gulf of Kutch along the northeast Arabian Sea o¡ the maritime state of Gujarat (Alagarswami 1991) . Until the middle of last century these oysters were ¢shed for oriental pearls and later, because of paucity of natural stock, the Governments of these states closed the ¢shery (Chacko 1970) .
Detailed studies on the growth of P. fucata have been done in Australia (Tranter 1959) ; Korea (Yoo, Chang & Lim 1986) ; Arabian Gulf (Mohammad 1976) ; P. fucata martensii in Japan (Numaguchi & Tanaka 1986a, b) ; P. imbricata (Roding) in Mexico (Lodeiros, Pico, Prieto, Narvaez & Guerra 2002) and Australia (Colgan & Ponder 2002) have been recorded. In India, the growth of the oysters in the Gulf of Mannar and Palk Bay (Devanesan & Chidambaram 1956; Chellam 1978) and in the Gulf of Kutch (Gokhale, Easwaran & Narasimhan 1954; Narayanan & Michael 1968; Pandya 1975 ) has been studied. Faster growth is advantageous for reducing preliminary grow-out phase while low growth rates favour the ¢nal coats of nacre on a pearl before harvesting.
The growth of hatchery produced pearl oyster spat transplanted to pearl farms near the natural oyster beds in the Gulf of Mannar were studied (Chellam 1978) . He observed that the pearl spat (3^5 mm) produced in the hatchery have to be reared for 12^20 months before they reach an implantable size (445 mm dorso-ventral measurement (DVM)). Currently commercial pearl culture farms in India are located along the southeast coast and one of the problems facing the industry is the long grow-out phase. In an experimental trial conducted to test the feasibility of developing pearl culture along the southwest coast, P. fucata spat and nucleated oysters were transplanted to the Arabian Sea near Cochin and observations for 6 months indicated that the growth and nacre secretion were faster along the southwest coast (Velayudhan, Kripa & Alloycious 1999) .
Growth, survival and reproduction of pearl oysters are controlled by several environmental factors namely, temperature (Numaguchi & Tanaka 1986b; Pass, Dybdahl & Mannion 1987) , salinity (Kawamoto & Motoki1954; Alagarswami & Victor1976; Numaguchi & Tanaka 1986a) , silt load (Nayar, Mahadevan, Ramadoss, Sundaram & Rajan 1978; Chellam, Velayudhan & Victor 1987) , currents (Kafuku & Ikenoue 1983) , food availability (Pandya 1976; Nasr 1984) and the response to these variations during different life stages like spat and adult di¡er (Alagarswami 1991; Gervis & Sims 1992) .
A factor which has hindered the development of pearl culture in India is the relatively small thickness (the maximum distance between external surfaces of the two valves when they are closed) of the oyster which limits the size of the nucleus (3^5 mm diameter) which can be implanted and presently the commercially cultured Indian marine pearls have a diameter of less than 6 mm. Another critical factor that determines the size of the cultured pearl is the shell dimension of the pearl oyster. Bigger nuclei can be implanted in pearl oysters with larger thickness, and therefore, shell dimensions have been used as criteria for crossbreeding of P. fucata martensii (Wada 1984) .
The earlier transplantation trials from the Gulf of Mannar to southeast Arabian Sea have been encouraging, indicating that the environmental conditions in the transplanted site are likely to be congenial for the growth and survival of P. fucata. The present study was designed to explore the possibilities of developing pearl farms along the SE Arabian Sea, which can signi¢cantly reduce the growout phase in pearl culture. The objectives of the study were (1) to estimate the growth rate of P. fucata transplanted from the Gulf of Mannar to the Arabian Sea, (2) to understand the variations in biometric relationships of the transplanted stock from spat to implantable stage and (3) to determine the e¡ect of environmental factors on the growth of pearl oysters. The transplantations were made to a semi-enclosed bay, the Kollam Bay in the southeast Arabian Sea in the maritime state of Kerala.
Materials and methods
The study was conducted from February 2001 to April 2004 in Kollam Bay, a man-made semi-enclosed bay of 6.6 km 2 (8.81N; 76.51E, Fig. 1 with a mesh size of1mm and placed in single layered square lantern cages (30 Â 30 cm) with a rigid Netlon TM (Mumbai, India) base of mesh size 2 mm and sides covered by old ¢sh net with a webbing of 1cm. After the initial transit stress related mortality had reduced and stabilized, the healthy spat with a mean DVM 10.95 AE 0.2 mm and total weight 0.095 AE 0.013 g were stocked in 30 cages at a density of 125 spat per cage and were suspended from a 5 Â 5 m wooden raft. When the spat reached 30^40 mm DVM the density was reduced to 25 numbers per cage. Ten cages were tagged with plastic numbered tokens and used for monitoring the growth of the oysters. The other cages were treated as substitute replicates and oysters from these cages were used to replace the dead oysters in the experimental replicates to maintain uniform density. This stock was monitored for a period of 18 months. The pearl oyster spat collected from Kollam Bay during December^February 2002 were considered as spat originating from the west coast and these (Kollam stock(KS)) spat with a mean length 10.36 AE 2.92 mm and total weight 0.21 AE 0.13 g were reared from February 2002 for17 months from the same raft under the same rearing conditions as for the transplanted spat TSK.
Growth of the pearl oysters was estimated from the changes in the DVM, hinge length (HL), thickness (THK) and total live weight (TWT). To document growth,10 oysters from each numbered replicate cage (n 5100) were randomly collected at monthly intervals and measured. The fouling on the oysters were carefully scraped o¡ taking care not to damage the growth processes and gently washed to remove the silt. Shell dimensions of the oysters, excluding the growth processes were measured using a digital Vernier calipers (0.01mm precision) and the total weight by a portable electronic balance (0.01g precision).
For comparison of the growth characteristics of P. fucata reared in the Gulf of Mannar (Tuticorin stock at Tuticorin (TST)), the data collected by one of the authors (T. S. V.) by rearing the spat produced in the hatchery using stock in the pearl farm in Tuticorin Bay in Gulf of Mannar during 1987 to 1989 was used. The culture methods were similar to that of the present study and described by Chellam (1988) . The hydrological factors (temperature, salinity, total suspended solids, chlorophyll a and rainfall) documented (by T.S. Velayudhan) during the period were also used.
The mean and standard error were calculated from the observed individual measurements of the replicates. These means were used to calculate the absolute growth rate (AGR) and the instantaneous growth rate (IGR), which does not have time restriction (Hopkins 1992) . The AGR was calculated by the formula where, L i is the initial length and L t the ¢nal length after time t. The IGR was computed from the formula
where Ln t is the natural log of the length at time t and Ln i is the natural log of the initial length. For the comparison of IGRs during di¡erent growth stages of the pearl oyster, the data were grouped into eight length classes of 10 mm class interval (1^10, 11^20, 21^30, 31^40, 41^50, 51^60, 617 0 and 71^80 mm). The length group wise IGRs between di¡erent stocks were compared using ANOVA. In case of signi¢cant di¡erences, Duncan's multiple range test (DMRT) was carried out to ¢nd out the signi¢cantly di¡erent means at 5% level using SPSS VER. 8.0 software.
For studying the variation in the relationships between di¡erent shell dimensions during various growth stages, the individual dimensional measurements of each stock were grouped into four length classes namely, 1^20, 21^40, 41^60 and 61^80 mm. The biometric relations (DVM-TWT, DVM-HL, DVM-THK) of P. fucata in each group were analysed by the least-square method employing the equation, y 5 a1bx, where a is the intercept and b the slope.When the relationships were not linear, as for DVM on TWT, the regression equation was ¢tted after logarithmic transformation. The equality of slopes and intercepts among di¡erent stocks were tested using analysis of covariance, ANCOVA (Snedecor & Cochran 1967) .
The hydrological parameters in the farm were documented at monthly intervals during the study period. Water samples were collected from the farm site at a depth of 1.5 m using10 L Niskin bottles.Water temperature was recorded by a thermometer with 0.5 1C precision and salinity by a refractometer. In the laboratory, water samples were screened through a 200 mm mesh net to remove larger zooplankton and debris. This was then ¢ltered on to pre-washed, precombusted (450 1C, 4 h) and pre-weighed Whatman GF/F ¢lters (0.45 mm nominal pore size) to analyse total suspended solids (TSS, mg L À 1 ) and photosynthetic pigments (chlorophyll a, b and c). The TSS determination was carried out gravimetrically after desiccation (105 1C, 24 h) using an electronic balance (accuracy AE 0.1mg). Chlorophyll pigments and nutrients (nitrate, nitrite, silicate and phosphate) were measured using a spectrophotometer (Strickland & Parsons 1972) .
The correlation between temporal changes in hydrological parameters at Tuticorin Bay and Kollam Bay and the AGR in DVM and TWT were analysed by means of Spearman's correlation using SPSS VER. 8.0 software.
Results

Growth rates
The comparison of changes in DVM, HL, THK and TWT over time in di¡erent stocks is shown in Fig. 2 . Both TSK (transplanted) and KS (native) had higher growth in length dimensions and weight than TST. The di¡erences were pronounced in the case of DVM,THK and TWTand not so high in the case of HL.
After a period of 6 months, the DVM reached 55.0, 45.7 and 41.3 mm in the case of TSK, KS and TST respectively (Table 1) . Moreover, these di¡erences were further increased after a period of 1 year. The HL also reached higher values for TSK and KS in comparison withTSTafter 6 months, though the di¡erences in KS and TST were not very large. However after1year, the di¡erences in HL were prominent and the di¡erence between TST and KS and TST and TSK was about 15 mm. In the case of THK also a similar trend was observed with the values after 1 year for KS and TSK being much higher than TST (10 mm di¡erence).
In the case of TWT, at the end of 6 months the live weight attained by KS and TSK was almost double that of TST and the di¡erences were more than 3 times after 1 year (Table 1) . Fluctuations were observed in theTWTof KS and TSK and these were consistent with the build up of gonadal tissue during the immediate post monsoon (October^November) and pre-monsoon (May). Subsequently, weight loss due to spawning was observed in late post monsoon (December^January) and monsoon (June^July). However in the case of TST such £uctuations in TWT were not observed.
A comparison of IGRs of the DVM, HL, THK and TWT of all the three stocks among di¡erent length groups showed high rates initially followed by a decreasing trend with increase in size (Fig. 3) . Irrespective of the size, the DVM-IGR of pearl oysters were higher in the Kollam Bay than at Tuticorin. The DVM-IGRs of the ¢rst three size groups and 51^70 size groups was highest in transplanted stock TSK while in the 31^50 size group, KS showed better performance than TSK (Table 2) .
Multiple range comparison of the DVM-IGRs of the three stocks showed that IGR of the smallest size Growth of pearl oyster on transplanting K S Mohamed et al.
Aquaculture Research, 2006, 37, 725^741 Figure 2 Plot of changes in dorso-ventral measurement (DVM), hinge length (HL), thickness (THK) and total weight (TWT) over time for the three stocks (KS,TSK and TST).
group 1^10 mm of the KS and TST were similar while that of TSK was higher and signi¢cantly di¡erent (Po0.05) from the other two stocks ( Table 2 ). The IGR of theTSK spat immediately after transplantation increased by four times than that observed for the same stock at Tuticorin in the Gulf of Mannar. After this spurt in growth, which was not observed in the succeeding generation (KS), the DVM-IGRs decreased steadily with increase in size. A similar but smaller spurt was observed for TST from 11 to 20 to 21 to 30 mm size group. In the 31^40 mm size group DVM-IGRs were signi¢cantly (Po0.05) di¡erent among the three stocks and was three times higher in KS than that observed at Tuticorin in the Gulf of Mannar (Table 2 ). The IGRs became negative in the 51^60 mm length range for TST while the KS and TSK continued to grow indicating that the environmental conditions favoured the growth of the oysters. With increase in size, the growth rates were similar for the transplanted stock (TSK) and its progeny (KS).
The IGR in HL was higher (by 31 times) in TSK in the 11^20 size group compared with that of TST. In the case of TST an increase in HL-IGR was observed upon reaching 21^30 mm size.With increase in size, the HL-IGRs decreased steadily for all the stocks and reached negative values at 51^60 mm for TST. The pearl oysters continued to grow at Kollam Bay and HL-IGRs became negative only in the size range 718 0 mm for KS. Comparison of the HL-IGRs of the three stocks showed that the rates of KS and TST were similar while that of transplanted stock was signi¢cantly higher (Po0.05) from other two during the initial stages (1^30 mm). In the oysters above 41mm the HL-IGRs of all the three stocks were similar.
The THK-IGRs of oysters showed a decreasing trend with increasing sizes with a sharp spurt in 11 to 20 mm size group for TSK and 21 to 30 mm size group for TST.
Among the di¡erent stocks, theTHK-IGRs were signi¢cantly di¡erent (Po0.05) for 11^20, 31^40 and 41^50 for TSK and 11^20 size groups for TST. All other THK-IGRs were similar for all size groups for all stocks.
Unlike the length-related IGRs, the TWT-IGRs of the three stocks showed wide variations without a clear trend. The TWT-IGRs of the three stocks in the 1 to 10 mm size group were signi¢cantly di¡erent (Po0.05). Total live weight-instantaneous growth rates were observed to be signi¢cantly di¡erent (Po0.05) in the 11^20 and 41^50 mm size groups for KS and 31^40 mm size group for TSK.
Biometric relationships
Linear regressions of DVM with TWT, HL and TWT are shown in (Fig. 4) along with corresponding results of ANCOVA in Table 3 . All regression slopes and intercepts showed signi¢cant di¡erences among the di¡erent length groups and stocks with some exceptions.
The log DVM-TWT relationship showed that the rate of increase in weight with respect to length was signi¢cantly lower (Po0.05) for TST in comparison with TSK and KS for 1^20 mm length group. In the 20^40 mm length group also these relationships were signi¢cant except in the case of TST vs. KS. However, with increase in length, an increase in intercept values were observed with a corresponding decrease in slopes (Fig. 4) . With increase in length, the corresponding weights were relatively higher in TSK and KS.
The DVM-HL relationships did not show any significant di¡erences (P40.05) in slopes in the 1^20 length groups and thereafter the relationships were signi¢cantly di¡erent (Po0.05) in 20^40 and 406 0 mm length groups. These relationships were not signi¢cantly di¡erent between TST and KS in 20^40 and between TSK and KS in 60^80 mm group. In general, the initial lengths (intercepts) were signi¢cantly di¡erent for all groups. Although, initially the rate of increase in HL with respect to DVM did not show signi¢cant di¡erences (P40.05) in the 1^20 mm length group, on reaching 40^60 mm lengths, the slopes and intercepts of all three stocks were signi¢cantly di¡erent (Po0.05). On attaining 60^80 mm lengths, the HLs of both parent and progeny stocks at Kollam Bay were similar. Figure 3 Comparison of instantaneous growth rates (IGRs) in dorso-ventral measurement (DVM), hinge length (HL), thickness (THK) and total weight (TWT) in di¡erent DVM length groups in the three stocks.
The most profound e¡ect on transplanting P. fucata was found in the DVM-THK relationship. although initially,TSTand TSK did not show any signi¢cant difference (P40.05) in this relationship; from 20 to 40 mm onwards, both KS and TSK showed higher rate of increase in thickness with increase in length than TST (Fig. 4) . Furthermore, between TSK and KS the latter showed higher rate of increase in thickness.
Hydrological parameters
Variations in select hydrological parameters of Tuticorin Bay and Kollam Bay are shown in Figs 5^7. At Tuticorin Bay in the Gulf of Mannar the salinity did not show much £uctuation but showed a decrease in November, December and January (Fig. 5) coinciding with the peak winter monsoon (Fig. 7) . Temperature also showed a similar trend with a peak in summer months of April and July (Fig. 5) . The TSS values showed a minor peak in February and July and thereafter showed an increasing trend from September to December. Chlorophyll a values showed peak values during June^July (summer) and again during winter monsoon. At Kollam Bay salinity values £uctuated between 28 and 35 ppt (Fig.6 ) with peak during summer and again in September^November. The values were consistently low during the summer monsoon, June^August. TSS values showed high £uctuations and peaked during April (summer) and July (monsoon). Temperature showed a decrease during both the summer monsoon (July^August) and winter monsoon (October) coinciding with peak rainfall during July and October (Fig. 7) . Productivity values remained very low during February^June and started increasing with the onset of monsoon and 
Dorso-ventral measurement (DVM), hinge length (HL), thickness (THK) and total weight (TWT). Stocks compared: Tuticorin stock at Tuticorin (TST), Tuticorin stock at Kollam (TSK) and Kollam stock (KS).
Growth of pearl oyster on transplanting K S Mohamed et al. Aquaculture Research, 2006, 37, 725^741 climbed to a peak in October (winter monsoon). Phosphate values £uctuated with peak in April and June coinciding with pre-monsoon and monsoon (Fig. 7) . There was marked di¡erence in the rainfall pattern and intensity between the two sites. At Kollam Bay both the summer and winter monsoon were dominant ( Fig. 7) with the summer monsoon averaging 370 mm in July and 430 mm in October.While at Tuticorin Bay, the rainfall was comparatively less intense and peaked during October (average 55 mm).
The environmental parameters at both Tuticorin Bay and Kollam Bay were correlated with AGR and the results are shown in Table 4 attempt to introduce P. fucata martensii to Morocco failed (Beaubrun 1972) . In the present study transplanting the pearl oyster P. fucata from Tuticorin Bay in the Gulf of Mannar (8.81N; 76.51E) along the east coast of India to a semi enclosed arti¢cial bay in the Arabian Sea along the southwest coast of India (8.71N; 78.21E) led to the establishment of a faster growing and reproductively active stock with more convexity (thickness). Generally, the success and failures of transplantations largely depends on the several exogenous factors particularly physicochemical parameters of the growing environment. The introduction of P. maxima to Suwarrow lagoon in the Cook Islands in 1904 was apparently successful with spatfall being recorded within 6 months of transplantation (Saville-Kent 1905) . However by 1912, this stock was severely depleted by a hurricane. In the present study the transplanted P. fucata spawned and it was possible to collect more than 5000 spat during 2002, however, in the succeeding year the spawning intensity was low and it was possible to collect only few hundred spats from the cages. Again, in 2004 the spawning intensity was high and more than 10 000 spat could be collected. Although detailed investigations on the benthic populations to assess the recruitment into the natural biota were not made, the local ¢shers reported incidents of occurrence of pearl oysters in the mussel populations Aquaculture Research, 2006, 37, 725^741 in the Bay. However blooms of Noctiluca and Cocchlodinium species in September 2003 and 2004 respectively, a¡ected pearl oysters more than other bivalves like the mussel Perna viridis occurring in the same area. Although such natural calamities can severely a¡ect P. fucata stock, it is quite clear that Kollam Bay in the Arabian Sea, which earlier did not have any native stock of pearl oysters, is a congenial environment for the growth and reproduction of P. fucata. In bivalves, normal growth is characterized by fast initial growth and in all the three stocks of P. fucata studied presently such higher growth rates in the juvenile phase were observed. In transplanted stock higher initial growth rates have been reported for P. fucata (O'Connor 2002) during the nursery and grow-out phase in Queensland waters. The growth in DVM observed presently is 1.4^1.6 times than that observed in the Gulf of Mannar and Gulf of Kutch respectively. On the other hand the growth in TWT observed in TSK and KS was 3.1^6.8 times than that observed in Gulf of Mannar and Gulf of Kutch (Table 5) .
Pinctada fucata has been described as the most convex of all species of pearl oysters with an increase in the ratio of THK:DVM with age (Hynd 1955) . Chellam (1988) observed a thickness of 19 mm in the ¢rst year, 27.1mm in the second year and 31.8 mm at the end of third year for P. fucata in Gulf of Mannar. In the Gulf of Kutch, P. fucata attained 21.8 mm thickness at the end of second year and 25 mm at the end of third year (Gokhale et al.1954) . At Kollam Bay, the thickness obtained at the end of ¢rst year is similar to that obtained at the end of second year at Gulf of Mannar and Gulf of Kutch. The natural and hatchery bred P. fucata stocks along the Gulf of Mannar and Kutch coasts are less convex, which restricts the size of the nucleus, which could be implanted within the oyster. The advantage of larger thickness in pearl oysters is that this determines the size of the nucleus, which can be implanted for pearl production. Initial trials for large pearl (7^8 mm diameter) production at Kollam Bay using oysters grown in the bay were also successful (Kripa, Mohamed, Velayudhan, Radhakrishnan, Alloycious, Mohan & Appukuttan 2003) with shorter time (4 months) required for complete nacre deposition.
All three stocks had signi¢cantly di¡erent IGRs as they progressed through di¡erent size groups. The transplanted stock, TSK showed a steep spurt in growth rate immediately on transplantation and maintained this increased growth rate until the close of experiment.While, KS did not show any such spurt in growth, but they showed superior growth compared with the original TST. The TST also showed a similar but smaller spurt in growth when stocked in the farm from the hatchery at 20 mm DVM. Evidently a sudden change to a favourable growing environment acts to spur growth performances probably due to increased availability of food indicating an immediate transplant e¡ect. Several reports show the very high primary productivity values in the Arabian Sea as it is a tropical upwelling ecosystem. A comparison between the productivity up to 50 m depth in the Arabian Sea and the Bay of Bengal has shown that the average primary productivity in the Arabian Sea is1200 mg C m À 2 day À1 while that in the Bay of Bengal is 680 mg C m À 2 day À1 (Nair & Gopinathan 1981) . The productivity values in the Arabian Sea are thus quite high compared with several other seas of the world (Rajagopalan & Krishnakumar 2003) . Wada (1984) observed that shell shape and size are inheritable in P. fucata martensii and that the stocks in di¡erent locations in Japan are genetically di¡er-ent. However, when a genetically similar stock was grown in two di¡erent locations as in the present study, the stock in a more nutritionally rich environment outgrew the parent stock. The importance of environment over genetic factors was also reported by Stirling and Okumus (1994) , when they evaluated the growth rates of cross-transplanted populations of the mussel Mytilus edulis in two lochs along the west coast of Scotland. In general, results of this study are in accordance with the conclusions of various authors (Mallet & Carver 1989; Kautsky, Johannesson & Tendengren1990) working on M. edulis, who found that site and its interactions with the environment are major determinants of growth. However, Wada (1984) reported that both environment and genetic factors in£uence shell characteristics.
The TWT-IGRs showed wide variations with size and age.While in the case of TST the sudden increase observed could be due to transfer of stock from hatchery to farm, in the case of TSK and KS it is most likely to be due to the in£uence of gonad development and spawning. The major spawning period for P. fucata in Kollam Bay was observed to be December^January and a large number of spat could be collected on spat collectors during January^February. Although a minor spawning took place in June^July, spats could not be collected from this spawning. Similar £uctuations in total weight were not observed in TST. Earlier work by Chellam (1988) and Velayudhan, Chellam, Dharmaraj, Victor and Kasim (1996) reported that although hatchery produced spat were grown to adult size in raft farms in Tuticorin Bay in the Gulf of Mannar, no spawning was observed. The reproductive seasonality of P. fucata varies with latitude and populations from di¡erent genetic stocks (Wada, Kumaru, Ichimera & Kurosaki 1995; Behzadi, Parivar & Roustain 1997) . Two spawning peaks (summer and autumn spawning) have been reported for P. fucata in Australia with latter being more consistent (Tranter 1958) . Similar bimodal spawning activity has been reported for P. fucata in the Persian Gulf also (Behzadi et al.1997) .
During the present study apart from signi¢cant di¡erence in the biometric relationships between TSK and TST, considerable variation in the slopes and intercepts were observed for the stocks grown at the same place (TSK and KS). Such heterogeneity has been reported in natural populations of P. fucata inhabiting the di¡erent pearl oyster beds in the Gulf of Mannar (Alagarswami & Chellam 1977) in areas where the general physical features and faunistic characters were similar. In hatchery reared spat of the same species signi¢cant di¡erence in morphometric characters within and between the four ¢lial generations were observed along the east coast (Velayudhan et al. 1996) . Morphological di¡erences have been observed between populations of mussels that live in relatively close proximity. Seed (1976) has concluded that changes in shell morphology in the same population are essentially due to environment factors. In P. maxima culture where cost of nuclei plays a signi¢cant role in the economics of pearl production due to its large size, investigations (Knauer & Taylor 2002) were undertaken to study the relationship between the morphological characteristics of P. maxima and the size of the nucleus that could ultimately be used. They reported that oyster wet weight was the best predictor of nuclei size. However in the case of P. fucata, thickness of the oyster is perhaps as critical as weight. The advantage of growing P. fucata in Kollam Bay in terms of increased THK, DVM and TWT has been clearly shown by this study.
The present study indicated that the environmental conditions prevailing along the southeast Arabian Sea appear to be congenial for the growth, gametogenesis, spawning and settlement of P. fucata larvae. In spite of strong monsoonal in£uences in the hydrology of Kollam Bay, the establishment of P. fucata stocks indicates its relative hardiness and ability to adapt to a changed environment. Compared with other ¢lter feeding bivalve shell¢sh from tropical waters, Pinctada species grow very slowly with an annual increase in shell length of less than 3 cm (Yoo et al. 1986; Numaguchi 1996; Hawkins, Smith, Tan & Yasin 1998) . Pinctada species are often inhabitants of clearer waters including coral reefs as evidenced by the discontinuous distribution along the Indian subcontinent (Gulf of Mannar and Gulf of Kutch). Kollam Bay is characterized by high TSS and productivity values in comparison with the Gulf of Mannar, and therefore, the growth of the oysters to more than 6 cm within 1 year, could be due to the presence of abundant particulate matter and productivity. This abundance could have indirectly resulted in decreased pumping activity for feeding by the oysters, thereby conserving and utilizing this energy for somatic and shell growth.
Trying to identify the reason for overall heterogeneity of P. fucata in the Gulf of Mannar, Alagarswami and Chellam (1977) pointed out the possible role of suspension of sediments, which lead to clear and turbid waters over the oyster beds. In the present study, TSS was found to be negatively correlated with growth in Tuticorin Bay, but a similar relationship could be not be established in Kollam Bay where high TSS values prevailed. Food availability has been considered as the one of the major factors responsible for bivalve growth in suspended grow out systems (Leighton 1979) . Urban (2000) did not ¢nd any environmental factor to be signi¢cantly correlated with growth but it tended to increase with increase in chlorophyll a suggesting phytoplankton abundance enhanced growth in P. imbricata.
The correlation of environmental factors with growth indicated that in the Gulf of Mannar, growth was positively related to rainfall while in the southeast Arabian Sea growth was negatively correlated with rainfall. This contradiction is clearly related to the di¡erence in intensity of rain at these two sites. While Tuticorin Bay receives very meager rainfall during the winter monsoon, the same is bimodal (winter and summer monsoon) and high in Kollam Bay. The monsoon rains in Kollam Bay brings about £uctuations in physico-chemical parameters, particularly, temperature, salinity, TSS, phosphate and net productivity. These £uctuations are a likely reason for the negative correlation observed presently. While at Tuticorin, the hydrological parameters were relative stable, and not in£uenced by the weak winter monsoon.
Temperature has been identi¢ed as a critical environmental variable a¡ecting the distribution of pearl oysters (Yukihira, Lucas & Klumpp 2002) and several studies have identi¢ed temperature as one of the main factors a¡ecting the growth of pearl oysters (Gervis and Sims 1992) . In Kollam Bay alone, temperature and phosphate content were positively correlated to growth, though the temperature range in both the bays were almost similar (25.2^31.4 Tuticorin Bay and 24^31 1C Kollam Bay). Gokhale et al. (1954) based on the analysis of growth rings identi¢ed a period of fast growth and a rest period for P. fucata in the Gulf of Kutch. They indicated low temperature ranging between 23 and 27 1C favorable for growth and cessation of growth during summer months when temperature is high. The warmer Queensland waters were found to promote growth in the P. fucata during the nursery and grow-out phases (O'Connor 2002). Temperature e¡ects on suspension feeding, physiolo-gical parameters and scope for growth indicated that there would be marked seasonal variations in growth in P. margaritifera and P. maxima in environment where water temperatures vary seasonally (Yukihira et al. 2002) . In Kollam Bay water temperatures showed marked variation coinciding with the monsoon, while at Tuticorin Bay water temperatures remained consistently high in most of the months.
This study clearly indicates that the growing environment strongly in£uences the growth pattern and biometric relationships in the pearl oyster P. fucata. Further it also indicates that there is considerable advantage in growing P. fucata spat along the southwest coast of India to produce pearl oysters with larger thickness, weight and DVM which are more suitable for insertions of more than 6 mm diameter pearl nucleus.
